Abstract Research has underscored the importance of adolescence in the development of depression and its associated key risk factors, namely rumination. Recently, there has been an emphasis on exploring the neuropsychological correlates of depression and rumination, including the role of executive functioning (EF). However, research has yet to fully elucidate the relationship among these constructs from a developmental perspective. The purpose of the current study was to examine the relationship between various components of EF, rumination, and depression among a normative sample of adolescents. A secondary aim of this study was to examine whether rumination mediates the relationship between EF and depression. Multiple regression analyses indicated a significant association between perseveration, set-shifting and inhibitory impairments and increased depressive symptomatology. Set-shifting deficits were also associated with higher levels of rumination. Additionally, rumination significantly mediated the relationship between impaired set-shifting and depressive symptoms. These findings add to the limited extant literature examining the associations among these constructs in a nonclinical sample of adolescents. Further, this study is the first to examine the mediating effects of rumination in youth.
Introduction
Adolescence marks a critical time in the development of depression (Costello et al. 2006; Kessler et al. 2001 ) when the prevalence rates of its presentation and phenomenology approximates that seen throughout the lifespan (Kessler et al. 2001) . Consequently, adolescence marks a critical period in furthering our understanding of depressive risk factors. Neurocognitive factors such as executive functioning (EF) are thought to be an important vulnerability factor for depression (Snyder 2013) , although this has yet to be fully elucidated among youth. More recently, researchers have begun to examine the impact of EF on cognitive processes associated with depression, with promising evidence supporting its role in rumination. However, much of this work has focused on adults. Given the developmentally sensitive nature of rumination (see Rood et al. 2009) , it is important to examine this relationship from a developmental perspective. This study aims to examine the relationship between various components of EF with rumination and depressive symptoms in adolescents in order to better elucidate the shift observed in these constructs during this period of life. A secondary aim of this study is to examine whether rumination mediates the relationship between EF and depression.
Cognition has long been implicated in depression, with a specific focus on the broad depletion in cognitive resources seen in depression (Mathews and MacLeod 1994) . Thought of as a collection of higher-level abilities that help coordinate and regulate ''lower level'' cognitions or cognitive processes necessary for goal-directed behavior (Lezak 1995; Luria 1966) , EF has been conceptualized as a key transdiagnostic risk factor (Snyder et al. 2015) . Given its regulating function, EF has recently been posited to account for how these broader domain impairments (i.e., & Kelsey S. Dickson ksdickson@ucsd.edu memory, attention) influence depression (Levin et al. 2007 ). Specifically, these cognitive abilities are thought to greatly rely on EF to function successfully (Snyder 2013) . Impairments in these abilities may greatly impede one's ability to successfully manage daily tasks and interactions, likely resulting in increased distress or frustration that over time may contribute to increased depression. This theoretical link between depression and EF has led to a growing body of empirical work which to date has focused mainly on adults. Overall, evidence indicates increased EF deficits among depressed adults (see Austin et al. 2001; Snyder 2013 for a review), with estimates of an overall medium effect size between depression and executive abilities (Snyder 2013 ). Consistent with current cognitive theories, findings with adults indicate that EF impairments persist following remission of depression (Snyder 2013) and are predictive of increased depressive symptomatology over time (Demeyer et al. 2012; Zetsche and Joormann 2011) , suggesting that EF deficits impact depression. A small body of literature examining youth demonstrates mixed evidence for the EF-depression relationship, with some findings suggesting increased perseveration, impaired set-shifting and inhibition (Baune et al. 2012; Brooks et al. 2010; Emerson et al. 2005; Kyte et al. 2005) , while other studies have not demonstrated a significant relationship (Favre et al. 2009; Frost et al. 1989; Klimkeit et al. 2011) . In contrast to the adult literature, some recent work with early adolescents supports that depressive symptoms were predictive of increased cognitive impairments (Connolly et al. 2014) . Thus, while it seems that EF deficits may confer vulnerability to depression via their impact on broader cognitive resources, the nature of the relationship remains unclear, particularly among youth.
Researchers have begun to examine the impact of cognitive impairments on other key risk factors for depression; of these, rumination has received significant attention. In fact, Nolen-Hoeksema et al. (2008) posit that examining the cognitive precipitants to rumination, including EF, is the next step in understanding the development of and individual differences in rumination. Thought of as the tendency to passively and repetitively dwell on feelings of distress, rumination is one of the most consistent predictors of depression (Nolen-Hoeksema et al. 2008) . Rumination predicts both the onset and the duration of depressive episodes in adolescents (Broderick and Korteland 2004; Hankin 2008; Nolen-Hoeksema et al. 2007 ) and higher levels are associated with more severe levels of depressive symptoms among depressed adolescents (Kuyken et al. 2006 ).
An examination of recent theoretical models highlights the exacerbating role of rumination in the cognitive impairments seen in depression. Theorists have long posited that ongoing cognitive processes such as rumination may account for the broad impairments observed in depression (Hertel 1997 , Levens et al. 2009 ). Engaging in the ruminative process may further deplete cognitive resources, leaving an individual with limited resources to allocate to daily tasks or interactions. Building on this theory, EF may play a crucial role in this process. In addition to its impact on broad cognitive functioning, deficits in executive components such as inhibition are known to contribute to a prolonged focus on negative or distressing material as well as increased use of maladaptive emotion-regulation strategies such as rumination (Joormann 2010; Gotlib 2008, 2010) . And as Joormann (2010) hypothesizes, this increased reliance on rumination leads to difficulty recovering from negative affect and increased depressed mood. Thus, it seems that one's executive deficits are inextricably associated with one's tendency to engage in the ruminative process and serve to further deplete these resources, thereby fostering depression.
Conceptually, rumination has many parallels to various EF components; for example, the notion that in rumination, individuals get ''stuck'' Wells 2001, 2003) , have ''sticky minds'' (Altamirano et al. 2010) , or have difficulty inhibiting their tendency to ruminate (Lyubomirsky et al. 1999) , parallels EF components of preservation, set-shifting and inhibition. Within the literature, rumination has been linked to impaired EF, including increased perseveration (Davis and Nolen-Hoeksema 2000) , set-shifting (Altamirano et al. 2010; Connolly et al. 2014; De Lissnyder et al. 2010; Whitmer and Banich 2007 ; though see Wilkinson and Goodyer 2006 for an exception), and inhibition (Joormann 2006; Joormann and Gotlib 2010; De Lissnyder et al. 2010; Philippot and Brutoux 2008; Watkins and Brown 2002; Whitmer and Banich 2007) . Finally, we know of no study to date which has evaluated the relationship between rumination and the executive component of monitoring.
Despite promising results, this body of work presents several limitations in terms of supporting a relationship between rumination and EF. Namely, many of these studies linking EF and rumination have utilized a sample of depressed individuals, thereby precluding researchers from examining whether rumination is uniquely associated with EF, independent of depression, and whether the same executive subdomains implicated in depression are also seen in rumination. Underscoring the need to explore this concept is concurrent work by Altamirano et al. (2010) demonstrating specificity in the subdomains impaired within the context of rumination and depression among young adults. Specifically, rumination predicted more shifting difficulties but fewer difficulties with goal-maintenance whereas depressive symptoms predicted increased Cogn Ther Res (2017) 41:62-72 63 difficulties with goal-maintenance (Altamirano et al. 2010) . Initial longitudinal data also suggest a unique relationship between EF and rumination. Connolly et al. (2014) found that depressive symptoms were predictive of increases in EF when controlling for rumination, but this relationship was no longer significant after rumination was removed from the model, highlighting the unique relationship between EF and rumination. As such, a main aim of the current study is to clarify the unique relationship between EF and rumination and depressive symptoms among a nonclinical sample of youth. Interestingly, many of these cognitive theories of depression as well as recent data infer the role of rumination as an intervening variable that may account for the EFdepression relationship. For instance, Joormann and colleagues (Joormann 2010; Gotlib 2008, 2010) suggest that cognitive impairments lead to increased reliance on processes such as rumination, which in turn increase depressive symptoms. Although research has only recently begun to directly test the mediating role of rumination, preliminary results provide support for this theorized role. Utilizing a sample of remitted depressed adults, Demeyer et al. (2012) found that rumination fully mediated the prospective relationship between cognitive control, a construct closely related to EF that involves attentional shifting, and depressive symptomatology measured one year later. Interestingly, they also tested but found no support for the alternative model in which depression mediated the EF-rumination relationship. These results were replicated in a more recent study examining the intermediate role of rumination among treatment-seeking adults (Hsu et al. 2015) . Again, an alternative mediational model in which attentional control mediating the rumination-symptomatology link was tested but not supported, suggesting a unique intermediary role of rumination (Hsu et al. 2015) . This mediating function of rumination has not yet been explored with youth. As such, a further aim of this study is to extend this previous work by examining the mediating role of rumination utilizing an adolescent sample.
The Present Study
The present study sought to examine the relationship between executive functioning, rumination and depression in a sample of normative late adolescents. For the purposes of this paper, we will specifically focus on the facets of EF most implicated in depression: monitoring, inhibition, perseveration, and set-shifting. We conceptualize monitoring as the ability to attend to and evaluate ongoing cognitions and strategy use (Brown et al. 1983) , inhibition as the ability to inhibit irrelevant or interfering automatic responses (Miyake et al. 2000) , perseveration as the failure to modify behavior or respond flexibly despite environmental feedback or expected future consequences (Lezak 1995) , and set-shifting as the ability to change mental tasks (Miyake et al. 2000) . Further, based on evidence to suggest that performance-based and informant ratings of EF should be considered complementary rather than parallel measures (Toplak et al. 2008) , the current study utilized a multi-method assessment of EF in order to obtain a thorough measure of EF. Given the aims of the current study, we tested the following hypotheses: First, greater levels of executive dysfunction will be associated with higher levels of depressive symptomatology. This includes a greater degree of deficits in set-shifting, inhibition, monitoring and perseveration. Secondly, higher levels of executive dysfunction will also be associated with higher levels of rumination. As a secondary goal of this study, we examined the mediating effects of rumination on the relationship between EF and depression. Derived from recent theory (Joormann 2010 , Snyder et al. 2015 as well as preliminary data with adults (Demeyer et al. 2012; Hsu et al. 2015) , we hypothesized that rumination mediates the relationship between executive functioning and depressive symptomatology. However, it is also plausible that EF may serve to mediate the relationship between rumination and depression. As such, we also explored an alternative mediational model in which EF mediates the ruminationdepression association.
Method Participants
Eighty-six adolescents participated in the study. The adolescents were in the 11th or 12th grade and between the ages of 16-18 (M = 17.77, SD = .46); 64 % of the adolescents were female. The sample was 84.9 % Caucasian, 5.8 % African American, 4.7 % Biracial, 2.3 % Hispanic, and 2.3 % other. No histories of learning disorders were reported and the majority of participants (95 %) denied any history of head injuries within the last year. Twelve adolescents (14 %) reported a history of being diagnosed with a mental health disorder, including depression, ADHD, and anxiety. Twelve adolescents (14 %) reported currently taking medications, including stimulants (e.g., Adderall), antidepressants (e.g., Zoloft, Prozac), antibiotics (e.g., Amoxicillin, Doxycycline), and asthma medications (e.g., Dulera, Symbicort). 1 1 Given the identified impact of medication and history of TBI on cognitive performance, we evaluated whether history of cognitive evaluations, TBI, medical conditions, and current medication status were significantly associated with any of the study variables. None of these variables were significantly related to any of the study variables (p's [ .5).
Procedure
Participants were recruited within their high school via announcements made in their classrooms and were asked to participate in a two-part study about how cognition, thoughts, and feelings impact one another. Written consent was obtained from participants 18 years old or older; for those under 18 years old, both adolescent assent and parental consent was obtained. Participants first completed the self-report questionnaires. Following this, participants completed the EF assessments on a later date; assessments were administered in a quiet, private space within their school library.
2 The average time between completing the self-report questionnaires and the assessments was 15 days (M = 15.01, SD = 5.77, range = 0-20.46). Upon completion of the study, participants were entered into a raffle to win one of two $50 gift cards at the end of the study. The study received ethics approval in advance by the Kent State University Institutional Review Board.
Measures
The Centers for Epidemiological Studies Depression Scale (CES-D; Radloff 1977) . The CES-D is a widely used 20-item self-report measure of depressive symptoms, with higher scores reflecting higher symptomatology. Participants rated their depressive symptoms over the past week using a four-point Likert scale from ''rarely or none of the time'' to ''most or all of the time.'' The CES-D has been shown to have good internal consistency (a = .75-.89) and validity (Radloff 1977; Myers and Winters 2002) . Cronbach's alpha was .92 in the current study.
The Positive and Negative Affect Schedule-X; Sadness Subscale (PANAS-X; Watson and Clark 1994) . The PANAS-X is a widely used self-report measure that assesses levels of various positive and negative affective states. A subset of six items from the PANAS-X was selected to permit the creation of a sadness subscale. Participants rated the extent to which they experienced each of the affective states using a four-point Likert scale from ''very slightly or not at all'' to ''extremely.'' The PANAS-X has been shown to have good internal consistency (a = .85-.90) (Watson and Clark 1994 ). Cronbach's alpha for the sadness subscale was .87 in the current study.
The Response Styles Questionnaire (RSQ; NolenHoeksema and Morrow 1991). The RSQ is a 25-item selfreport measure that assesses the tendency to ruminate.
Participants indicated how often they agree with various statements during times when they feel sad or depressed using a four-point Likert scale from ''almost never'' to ''almost always,'' with higher scores reflective of a higher tendency to ruminate. The RSQ is the most widely used measure of rumination and has demonstrated high internal consistency (a = .80-.92) in a number of studies with youth (Kuyken et al. 2006; Nolen-Hoeksema et al. 2007 ). This scale includes 22 items from the original Response Styles Questionnaire, as well as three additional items added after a factor-analysis of a longer interview-based version (Treynor et al. 2003; see Armey et al. 2009 for more information about this version). Cronbach's alpha was .94 in the current study.
The Rumination-Reflection Questionnaire (RRQ; Trapnell and Campbell 1999). The RRQ is a 24-item self-report measure that assesses one's tendency to engage in selfruminative thought. Participants indicated their level of agreement with statements using a five-point Likert scale from ''strongly disagree'' to ''strongly agree,'' with higher scores reflective of a higher levels of rumination. The RRQ has demonstrated good internal consistency (a = .90) and validity (Trapnell and Campbell 1999 ). Cronbach's alpha was .91 in the current study.
The Behavior Rating Inventory of Executive FunctionSelf Report; Shifting, Monitoring and Inhibition scales (BRIEF-SR; Guy et al. 2004 ). The BRIEF-SR is an 86-item self-report questionnaire of executive functioning for youth ages 5-18. Individuals reported on their executive abilities, including abilities related to shifting, monitoring and inhibition over the past six months. For the present study, the Shifting, Monitoring, and Inhibit subscales were used to assess the three EF components of interest given data demonstrating the strongest relation to depression. Scores yielded T-scores, with higher T-scores indicative of more executive dysfunction. The BRIEF-SR has good internal consistency (a = .80-.98) and test-retest reliability (Guy et al. 2004 ). In the current study, Cronbach's alphas for the Shifting, Monitoring and Inhibit scales were .76, .43, and .81, respectively.
The Wisconsin Card Sorting Test (WCST; Heaton et al. 1993) . Participants were given the WCST Computer Version 4 (WCST: CV4)-Research Edition. During the task, participants were initially presented with four key cards that varied in stimulus characteristics (e.g., red triangle, green stars) and were instructed to draw and match consecutive cards to one of the four key cards. Response cards had the same three dimensions as the key cards but varied in color (red, green, yellow, or blue), in number, and in form (triangles, stars, crosses, or circles). Participants were instructed via the computer whether each response was right or wrong; he or she was never told the correct sorting principle or that the category of correct response changes.
The task continued until all the cards were correctly sorted or ran out of cards. For the purposes of this study, the following scores were used: perseverative errors, number of categories completed, and non-perseverative errors. With the exception of categories completed, results yielded T-scores. Lower scores are reflective of more difficulty. The WSCT has good reliability and validity in use with youth (Heaton et al. 1993) .
The Wide Range Achievement Test, 4th edition, Reading Subtest (WRAT-4-Reading; Wilkinson and Robertson 2006) . In the WRAT-4 Reading, participants read single words audibly, with the number of correctly read dictating an individual's score. Reading scores have been shown to give an estimate of premorbid cognitive abilities (see Baade et al. 2010) . The WRAT-4 Reading has good internal consistency (a = .93-.96) and test-retest reliability (Wilkinson and Robertson 2006) .
Data Analytic Plan
To test the first two hypotheses examining whether difficulties with EF were independently associated with higher levels of depressive symptomatology and rumination, a series of separate hierarchical linear regressions were conducted. Covariates for each regression model were entered at step one. At step two, estimates of EF, as measured by the BRIEF and WCST, served as independent variables in separate regression models. In the first set of analyses, scores from the CES-D and PANAS-X sadness subscale served as the dependent variables. In the second set of analyses, RSQ rumination and RRQ rumination served as dependent variables. The Monitoring, Inhibit and Shifting subscales of the BRIEF were used as measures of monitoring, inhibition and shifting, respectively. In terms of the WCST, perseverative errors and number of categories completed were used as measures of perseveration and set-shifting, respectively. Non-perseverative errors were also examined in order to explore whether results were due to difficulties with perseveration (i.e., higher perseverative errors) or other cognitive impairments independent of perseveration (i.e., more non-perseverative errors).
Due to the large number of statistical tests, we reported the traditional p value as well as whether this p value remains significant (p \ .05) after adjustment for alpha inflation using the False Discovery Rate (FDR) (Benjamini and Hochberg 1995) . A secondary goal of this study was to examine the impact of rumination on the relationship between EF and depression. As such, a mediational model was used. Specifically, a bootstrapping method to test for mediation was used (Hayes 2009; MacKinnon et al. 2004) .
Results
Descriptive information for study variables can be found in Table 1 . In all analyses, gender, age, and IQ were used as control variables. Given the well-documented relationship between gender and several study variables of interest (e.g., depression, rumination), gender was included as a control variable. Similarly, considering the developmentally sensitive nature of current constructs, age was also included as a covariate in all of the regression models. Lastly, taking into account evidence suggesting a significant relationship between IQ and executive functioning (Ardila et al. 2000) , WRAT Reading Scores were included as a covariate in all regression models.
First we explored whether measures of EF were associated with depressive symptomatology, as measured by the CES-D and PANAS-X sadness. Full results related to the CES-D and PANAS-X sadness can be found in Table 2 and 3, respectively. Results suggested that the EF components of perseveration, set-shifting and monitoring difficulties were most consistently related to higher levels of depressive symptoms. Specifically, BRIEF Shifting was significantly related to higher levels of both CES-D depression and PANAS-X sadness. BRIEF Monitoring was also significantly associated with of higher levels of sadness as measured by the PANAS-X sadness and there was a trend towards a significant association with the CES-D. BRIEF Inhibit was significantly related to higher levels of PANAS-X sadness but was unrelated to CES-D depression. In terms of the Wisconsin Card Sort, more perseverative errors were seen among higher levels of CES-D depression and PANAS-X sadness. Similarly, the number of categories completed was negatively related to PANAS-X sadness but was unrelated to CES-D depression. Non-perseverative errors were not significantly associated with either the CES-D or PANAS-X. A series of separate hierarchical linear regressions were also conducted to explore whether EF was significantly associated with rumination. Full RSQ and RRQ results can be found in Tables 4 and 5 , respectively. Consistent with depression, difficulties with set-shifting were related to higher levels of rumination; inhibition, monitoring and perseveration were not. Specifically, BRIEF Shifting was significantly associated with higher levels of RSQ rumination as well as RRQ rumination. BRIEF Monitoring and Inhibit were unrelated to both RSQ and RRQ rumination. Overall, scores from the Wisconsin Card Sorting Test were unrelated to rumination.
To address whether rumination mediates the significant relationship between executive functioning and depressive symptomatology, a series of mediation analyses were performed. To test for mediation, we utilized both the Sobel test and statistical bootstrapping in order to address whether the indirect effect (i.e., the effect of the predictor variable on the dependent variable that is attributable to the mediator; reported in parentheses) was significant. As before, gender, age and WRAT Reading scores were included as covariates in all models.
In the first set of analyses, we tested whether RSQ rumination mediated the relationship between BRIEF Shifting and CES-D depression. Significant mediation was observed, both through the use of the Sobel test (Z = 3.38, p \ .01) and the bootstrap method [b = .25; CI (.09, .44) ]. The RRQ also significantly mediated the relationship . With respect to our exploratory analyses examining alternative mediation models, there was a trend towards significant mediation in one model in which BRIEF Shifting mediated the relationship between the RSQ and CES-D but this was not significant across our the two methods for testing mediation. Specifically, the confidence interval for the indirect effect produced by the bootstrapping method did not include zero [b = .04; CI (\ .01, .09)], but the Sobel test was non-significant after adjusting for alpha inflation using the FDR (Z = .04, p [ .05). The rest of the mediational models were nonsignificant, with p's [ .05 and CI including zero.
Discussion
The present study sought to examine the relationship between executive functioning, depressive symptoms and rumination in a normative sample of adolescents. Our first aim was to explore whether executive difficulties would be separately related to higher levels of depressive symptoms and rumination. For our second aim, we explored the mediating effects of rumination on the association between EF and depressive symptoms. Indeed, a significant relationship between EF and both rumination and depressive symptomatology was observed. We found an association between increased perseveration, monitoring and setshifting difficulties among individuals and higher levels of depressive symptoms and greater feelings of sadness. Further, there was some evidence of increased inhibitory impairments, although this was not consistently observed across measures of depressive symptomatology. Increased set-shifting deficits were also associated with higher levels of rumination; however, we did not find evidence of a relationship between rumination and perseveration, monitoring, or inhibition deficits. Finally, with respect to our second study aim, rumination significantly mediated the relationship between set-shifting difficulties and depressive symptomatology. Generally, the current findings align with the larger body of literature demonstrating EF deficits in depression, including literature noting a significant relationship between increased difficulty with inhibition, perseveration and set-shifting (Baune et al. 2012; Brooks et al. 2010; Cataldo et al. 2006; Kyte et al. 2005 , Emerson et al. 2005 . Further, the results align with the theory suggesting that EF deficits may impact the depleted cognitive resources seen in depression (Hertel 1997; Levens et al. 2009 ). Specifically, the data suggest that the observed executive deficits interfere with individuals' broader ability to successfully attend to, encode and manage daily tasks, contributing to concurrent feelings of distress and sadness. To the best of our knowledge, this is the first study to explore the relationship between monitoring and depressive symptoms among late adolescents, with current results suggesting that this may be an important component to consider in further studies exploring the EF-depression relationship.
Our results with rumination are also consistent with research demonstrating a significant relationship between rumination and impaired set-shifting among depressed adolescents and emerging adults (Altamirano et al. 2010; Wilkinson and Goodyer 2006) . Recent longitudinal work with young adolescents suggests that executive deficits may be the result of increased rumination and not the reverse (Connolly et al. 2014) . Our cross-sectional study precludes us from speaking to the predictive relationship between these constructs. However, given the developmentally sensitive nature of these constructs, it is possible that these conflicting findings in this emerging literature are due to differences in the age of the samples (i.e., narrow vs. Each line represents a separate regression in which a measure of EF was used as a predictor of RRQ Rumination scores ? Remains significant after FDR broad age ranges). Further longitudinal work across the stages of adolescence is necessary to better understand the temporal relationships among these constructs. We also found evidence of a discernable relationship between EF and rumination and depressive symptoms such that several EF domains were significantly associated with depressive symptoms but set-shifting was the only domain significantly related to increased rumination. Although these results generally mirror previous work demonstrating distinct associations between these constructs (Altamirano et al. 2010; Whitmer and Banich 2007) , our specific pattern of results is not entirely consistent with prior findings of Whitmer and Banich (2007) demonstrating a significant association with inhibition and only a moderate association with set-shifting. However, the distinction between state and trait effects may be useful in understanding these findings given evidence of a specific relationship between executive subdomains and trait and state rumination. Prior work has found inhibition particularly related to state rumination (Philippot and Brutoux 2008; Watkins and Brown 2002) . More recently, Whitmer and Gotlib (2012) observed that whereas only increased inhibitory deficits were related to trait rumination, set-shifting was only related to state rumination among depressed adults.
Further, there is also evidence to suggest that the link between rumination and inhibitory deficits is moderated by the severity of depression such that this relationship was stronger among more severely depressed individuals (Philippot and Brutoux 2008) . Perhaps the current null results with rumination and inhibition are due to the low level of depressive symptoms or severity observed in our sample. Finally, our null results with monitoring suggest that in contrast to the work by Lyubomirsky et al. (1993 Lyubomirsky et al. ( , 1999 , perhaps ruminative individuals are fully able to monitor the state and consequences of this negative repetitive process, but that they are possibly unable to disengage or switch to a more adaptive strategy. As this is one of the first studies to examine the relationship between specific executive components and trait rumination in youth, further research clarifying the precise pattern of association between EF components and rumination, including both state and trait rumination, is warranted.
Turning our attention to the mediation results, rumination mediated the relationship between set-shifting and depressive symptomatology. These findings are consistent with the notion that EF impairments may increase the likelihood of an individual engaging in maladaptive emotion-regulation strategies such as rumination (Joormann 2010; Joormann and Gotlib 2010) . Further, engaging in this negative repetitive thought process may serve to further deplete those resources (Hertel 1997) , leaving them vulnerable to negative consequences associated with this repetitive thought process, especially increased depression.
In addition to recent work focusing specifically on cognitive inhibition (Joormann 2010; Gotlib 2008, 2010) , the current results suggest that set-shifting may be a key factor involved in emotion regulation and depressive affect. Our results also parallel those demonstrating the intervening role of rumination in the relationship between cognitive impairments and clinical symptomatology among adults (Demeyer et al. 2012; Hsu et al. 2015) . Our exploratory analyses examining an alternative model of mediation are also strikingly consistent with those of Demeyer et al. 2012 and Hsu et al. 2015 in that we observed limited support for alternative mediational models examining whether EF mediated the effect of rumination on depressive symptoms. Instead, the consistency of our primary mediational models as well as size of indirect effects provides support for the unique intermediary role of rumination. Together, this work highlights the growing literature suggesting the crucial element of rumination in the EF-depression association (De Lissnyder et al. 2010; Whitmer and Banich 2007) .
In combination with previous work, the current results speak to the importance of incorporating the role of EF into the treatment of rumination and depression. As these data imply, treatment focusing on addressing depressive symptoms may not be effective unless it also addresses the deficits associated these symptoms. This is in line with data suggesting that EF deficits have a significant impact on treatment response (Mohlman and Gorman 2005) . In a pilot study, Mohlman and Gorman (2005) found that the degree of executive dysfunction contributed to a differential response to CBT among older adults such that individuals who demonstrated stable EF difficulties demonstrated a limited response to treatment. The possibility for improvement in EF abilities is consistent with the promising results regarding the efficacy of laboratorybased executive functioning training programs for youth with ADHD (Klenberg et al. 2001 ). This emphasis on incorporating mechanisms in treatment also mirrors the recent shift towards developing and implementing treatments that address risk factors or mechanisms (e.g., Rumination-focused CBT; Watkins 2015) versus disorderspecific treatments (e.g., CBT for depression). Although further studies are needed, addressing these impact of executive deficits may serve to greatly improve the efficacy of treatment for both depression and rumination.
Limitations to the current study should be noted. In terms of depressive symptomatology, we examined selfreported levels of depressive symptoms and sad affect in a normative sample. As such, it is unclear how these results will generalize to the development of depressive disorders in adolescents. It is also unclear whether the same pattern of results would be observed in a more severe population. Despite being administered within a short time point, the administration of all self-report measures occurred at the same time point prior to the administration of the WCST, therefore limiting our current claims about the direction of causality between constructs. Whereas we acknowledge that the constructs of interest (i.e., EF, rumination, depressive symptoms) are certainly temporally variable, for the purposes of the current study we feel that they are more aptly characterized as more stable phenomena such that significant changes over the course of the few days (such as the difference between measurements points) are unlikely. As such, the possibility of temporal effects should be noted-especially those pertaining to the WCST-but do not necessarily invalidate the current results.
It is also important to note that our current mediation results should be interpreted with caution as our current cross-sectional methodology preclude us from conducting a true test of mediation (see Maxwell and Cole 2007) . However, mediation can be thought of as existing on a continuum or ladder of scientific evidence, with all levels of this latter providing valuable information regarding mechanisms of change (Maric et al. 2012 ). As such, we feel that our mediation results provide data necessary for advancing our understanding in this area, despite falling on the lower end of the mediation evidence ladder. Lastly, the current sample only included late adolescents. Given the noted importance of early adolescence with respect to significant increases in rumination (Jose and Brown 2008) , the results cannot speak to how EF deficits impact the development of ruminative tendencies. As such, further prospective investigations are warranted, including those that explore the developmental progression between EF, rumination and depression during adolescence.
This study extends previous work by providing evidence of executive impairments in both depressive symptomatology and rumination among a sample of normative adolescents. It also highlights the mediating effects of rumination on the EF-depression relationship, notably setshifting. Further studies are needed to further elucidate the relationship between EF and rumination and depression among youth; this includes prospective studies to better understand the developmental progression among these constructs.
Acknowledgments This study was funded by Kent State University as part of an award through the Department of Psychological Sciences.
Compliance with Ethical Standards
Conflicts of Interest Kelsey S. Dickson, Jeffrey A. Ciesla and Kate Zelic declare that they have no conflicts of interest.
Ethical Approval All procedures performed involving human subjects were in accordance with ethical standards of the institutional review committee and with the 1964 Helsinki declaration and its later amendments.
Informed Consent All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (national and institutional). Informed consent was obtained from all from participants 18 years old or older; parental consent and adolescent assent for all individual participants under the age of 18.
Animal Rights No animal studies were carried out by the authors for this article.
